Obesity is a major health problem, and obesity is associated with a high incidence of asthma and poor asthma control. The aim of the present paper is to systematically review the current knowledge of the effect on overall asthma control of weight reduction in overweight and obese adults with asthma. Results: Weight loss in obese individuals with doctor-diagnosed asthma is associated with a 48%-100% remission of asthma symptoms and use of asthma medication. Published studies, furthermore, reveal that weight loss in obese asthmatics improves asthma control, and that especially surgically induced weight loss results in significant improvements in asthma severity, use of asthma medication, dyspnoea, exercise tolerance, and acute exacerbations, including hospitalizations due to asthma. Furthermore, weight loss in obese asthmatics is associated with improvements in level of lung function and airway responsiveness to inhaled methacholine, whereas no significant improvements have been observed in exhaled nitric oxide or other markers of eosinophilic airway inflammation. Conclusion: Overweight and obese adults with asthma experience a high symptomatic remission rate and significant improvements in asthma control, including objective measures of disease activity, after weight loss. Although these positive effects of weight loss on asthmarelated health outcomes seem not to be accompanied by remission or improvements in markers of eosinophilic airway inflammation, it has potentially important implications for the future burden of asthma.
Introduction
The prevalence of obesity has increased dramatically over recent decades, and obesity is recognized as an important risk factor for a diagnosis of asthma. 1 Furthermore, evidence from recent years suggests a probable shared genetic basis for obesity and asthma. 2 More recently, obesity has also been recognized as a potential risk factor for more severe asthma. [3] [4] [5] Obesity may therefore be a potentially modifiable risk factor for asthma, possibly not least with regard to the more severe asthma. If excess weight not only leads to the development of asthma, but also has a negative impact on the clinical manifestations of asthma, including symptoms and response to therapy, weight loss may be expected to have the opposite effect or at least to improve the clinical status of individuals suffering from asthma.
Overall asthma control, in contrast to, eg, symptom control, is the aim of asthma management. 6 Asthma control is assessed on the basis of a combination of the following items: exacerbations, frequency and severity of day-time and night-time symptoms, use of rescue medication, limitations and level of daytime activities, variability of lung function ie, forced expiratory volume in 1 second (FEV 1 ), and diurnal variability in peak flow. 6 The aim of the present paper has been to review the current knowledge of the effect of weight reduction on overall asthma control in obese individuals suffering from asthma.
Methods
A series of systematic searches were carried out, last updated March 2012, using the database PubMed. The search strategy was intended to be broad in order to maximize the capture of citations for peer-reviewed publications relevant to asthma, obesity, and asthma control. The PubMed searches were carried out using the following algorithm of MeSH terms: asthma, asthma-like symptoms, asthma control, asthma management, asthma severity, airway hyperresponsiveness including bariatric surgery, diet, weight loss, obesity, and overweight. The searches were repeated with these terms in combination with pathogenesis, airway inflammation, therapy, and epidemiology. All identified publications were evaluated, and all papers identified reporting measures of asthma control (including symptoms, use of asthma medication, level of lung function, quality of life, and markers of airway inflammation) following weight loss related to both nonsurgical and surgical intervention were included in the present systematic review. The citation pool was further supplemented from manual assessment of the reference lists accompanying other systematic reviews of aspects related to asthma in obese individuals and from other publications identified as being relevant for further review. In keeping with the already described method, papers were included in the present review provided they reported measures of asthma control following weight loss related to both surgical and nonsurgical interventions.
Nonsurgical weight loss and asthma control
In a pivotal clinical trial, Stenius-Aarniala et al 7 recruited 38 obese asthmatics (BMI 30 to 42) into an open, randomized parallel group study investigating the effects of a supervised weight reduction program, which included an eight-week, very low-energy diet, on lung function, symptoms, and health status. At the end of the intervention period, the participants in the treatment group had lost a mean 14.5% of their pretreatment weight (mean 14.2 kg), and 0.3% for the controls (mean 0.3 kg). After the eight-week dieting period, significant improvement was observed in individuals in the intervention group in FEV 1 , forced vital capacity (FVC), dyspnoea, use of rescue medication, and number of exacerbations, compared to the controls. The study by Stenius-Aarniala, 7 therefore, indicates that weight loss in obese patients with asthma leads to improved asthma control. In a further study from the same group, Hakala et al 8 measured peak-flow (PEF) variability, morning PEF and FEV 1 , mid-expiratory flow, airway resistance (R aw ), and functional residual capacity in 14 obese patients with asthma before and after an eight-week, very low calorie diet (mean weight loss 13.7 kg). Based on the reported observations, the authors suggested that obese patients with asthma might benefit from weight loss by an improvement in pulmonary mechanics and better control of airway obstruction.
Obese individuals often do not adhere to low-calorie diets, and Johnson et al 9 therefore designed a study to assess if overweight asthma patients might adhere to an alternateday calorie restriction dietary regimen, and furthermore to investigate the effects of the diet on symptoms, lung function, and inflammation. Nine out of ten subjects adhered to the diet for the eight-week study period, and mean weight loss was 8% of pre-study weight. The study revealed an improvement in asthma symptoms, quality of life, PEF, and markers of inflammation (including serum tumor necrosis factor-α), and oxidative stress (including 8-isoprostane and nitrotyrosine), whereas spirometry was unaffected by alternate-day calorie restriction. The observations in this very small study may suggest that alternate-day calorie restriction has a rapid beneficial effect on the underlying disease process in obese patients with asthma.
In 2010, Bafadhel et al 10 examined 151 adults fulfilling the American Thoracic Society criteria 6 for severe asthma in a one-year observational study. BMI and fat mass index correlated, and 75% of the patients included were overweight or obese. After twelve months, 23% of the patients had lost weight, and a significant correlation was observed between weight loss and increased FEV 1 , whereas no significant association was found between weight change and self-reported asthma control and exacerbations.
In an uncontrolled study, Aaron et al 11 included 58 obese women, of whom 24 had a history of physician-diagnosed asthma, in a program consisting of a 900 kcal per day diet for six to twelve weeks and regular exercise, in a study investigating the effect of weight loss on respiratory function and airway responsiveness. The mean weight loss was 17.4% of baseline weight, and improvements were observed in FEV 1 , FVC, and total lung capacity. By contrast, no significant improvement was observed in airway responsiveness (defined as airway responsiveness to inhaled methacholine), either in the entire group or in the subgroup of women with a history of physician-diagnosed asthma. This suggests that submit your manuscript | www.dovepress.com Dovepress Dovepress weight loss improves respiratory function independently of the severity of airway responsiveness, rather than by improving asthma per se.
Haselkorn et al 12 studies, based on data from the epidemiology and natural history of asthma: Outcomes and Treatment Regimens (TENOR) study, the effect of weight change over a twelve-month period on asthma control in patients with severe or difficult-to-treat asthma. Compared to patients who maintained their baseline weight or lost weight, asthma patients with a weight gain of 2.27 kg reported poorer asthma control, worse quality of life, and a greater number of steroid bursts. This study, therefore, showed that weight gain is associated with worse asthma-related health outcomes, and, in line with this, that strategies to prevent weight gain in patients with more severe asthma may lead to improved asthma control.
Attitudes and counseling related to weight loss
Ford et al 13 have, based on data from the Behavioural Risk Factor Surveillance System, reported that 27.3% out of 13,953 participants with current asthma had a BMI of $30, and that 72.9% of the obese participants with asthma reported trying to lose weight. Furthermore, 82.9% of obese participants receiving weight-loss advice reported trying to lose weight, compared to 63.8% among obese participants who had not received such advice. This study, therefore, illustrates, although so far not supported by other studies, the important role for health care professionals in educating their patients with asthma about the importance of weight control, and in assisting and supporting their overweight and obese patients with asthma in setting achievable weight goals.
Bariatric surgery, weight loss, and asthma control
The first study investigating the effect of surgically induced weight loss on asthma was published by Macgregor and Greenberg 14 in 1993. Forty morbidly obese patients with asthma who had gastric restrictive surgery more than two years earlier (mean BMI 46 and 30, respectively) were examined, and they found that 48% had complete asthma remission, defined as no symptoms and no use of asthma medication; overall, 90% of the patients experienced improvement in asthma symptoms. Objective assessment of airway function was not included in the study. In keeping with this, Murr et al 15 reported a 100% remission rate after an average 30 months after bariatric surgery in a very small group of morbidly obese asthmatics (n = 6) older than 50 years, although it should be taken into account that asthma status was not the main outcome variable of interest.
In an Australian study published in 1999, Dixon et al 16 had the opportunity to investigate the effects over twelve months of weight loss on asthma in 32 patients having the laparoscopic adjustable gastric banding (LAGB) procedure for the management of morbidly obesity (mean baseline BMI 46, and BMI 33 at follow-up). Asthma was defined as a history of physician-diagnosed asthma with no further objective assessment prior to inclusion in the study, and asthma severity and its impact on daily life was assessed by questionnaire. At the twelve-month follow-up, significant improvement was observed in all asthma scores, including medication needs, hospitalizations, and exercise tolerance, and eleven patients reported no longer having asthma symptoms. This relatively early study, therefore, suggests that bariatric surgery in morbidly obese patients with asthma leads not only to weight loss, but also to significant improvement in asthma-related health outcomes, although at least some of the positive effects may be explained primarily by the significant weight loss. In line with this, a one-year study from Latin America of 30 morbidly obese patients who underwent vertical banded gastroplasty showed significant improvements compared to baseline in FEV 1 and FVC, and an unchanged FEV 1 /FVC ratio at follow-up (mean BMI 44 and 32, respectively). 17 A year later, Spivak et al 18 reported from a follow-up study of 500 morbidly obese patients, of whom only eleven reported asthma at baseline (mean preoperative weight 123 kg), that 82% of the subjects preoperatively reporting asthma no longer had symptoms of asthma at the time of follow-up 36 months after LAGB, which is in keeping with observations reported by Dhabuwala et al, 19 O'Brien et al, 20 and Brancatisano et al. 21 However, as in a number of the available studies, no objective assessment of airway function was done, and the assessment of illness status, including asthma, was based solely on symptoms and/or prescribed medications.
In a relatively small one-year prospective study, Maniscalco et al 22 compared twelve obese asthmatic females who had LAGB (mean BMI 45 and 35, respectively) and ten non-operated obese asthmatic females (mean BMI 44, no weight change) with regard to self-reported asthma control, lung function, and exhaled nitric oxide (FeNO). Improvements were observed in asthma control, especially shortness of breath and use of rescue medication, and lung function in the LAGB-group, whereas FeNO remained unchanged in both groups. FeNO is closely associated with eosinophilic airway inflammation, 23 and the latter observation, therefore, submit your manuscript | www.dovepress.com
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suggests that the overall improvement in asthma status in the LAGB group is not due to remission of the airway inflammation typically seen in patients with asthma. In a very recent study, Dixon et al 24 studied 23 asthmatic and 21 non-asthmatic patients (mean BMI 51 and 38, respectively) undergoing bariatric surgery; at baseline, patients with asthma had lower FEV 1 and FVC than the non-asthmatic patients. Twelve months after surgery, patients with asthma experienced significant improvements in asthma control, asthma-related quality of life, FEV 1 , and FVC; and, furthermore, a significant improvement was observed in airway responsiveness to methacholine, whereas no significant changes were observed in most inflammatory markers, including percentage of eosinophils in bronchoalveolar lavage fluid. The response to direct airway-challenge testing partly reflects airway caliber; 25 the observed improvement in methacholine responsiveness might be explained by changes in airway mechanics, and might not be due to a decrease in airway inflammation.
Weight loss and use of respiratory medication
Obesity is not only associated with increased morbidity rates, but also with increased pharmaceutical costs. Narbro et al 26 studied medication changes over six years in 510 surgically and 455 conventionally treated patients from the Swedish Obese Subjects intervention study, and reported that, compared to baseline, asthma medication costs were lower for the surgically treated group of patients. These observations have been confirmed in a recent study by Sikka et al 27 of respiratory prescription drug claims in 64 asthma patients over a two-year period (one year before to one year after bariatric surgery): it showed a 49% decrease in respiratory medication prescription fills.
Reddy et al 28 studied the effects of bariatric surgery on asthma severity, defined as intensity of asthma therapy, in 2,562 patients reporting use of asthma medication at baseline. Among the 257 asthma patients who participated in a one-year follow-up survey, 13 of 28 patients had been weaned from long-term oral corticosteroid therapy; and the use of inhaled corticosteroids decreased from approximately 50% to 30%, suggesting that bariatric surgery decreases the medication requirements for control of asthma symptoms. Objective measures of asthma control were not included in the study. These findings are further supported by a study by Sultan et al 29 looking at the outcome of bariatric surgery in individuals with a BMI , 35, as well as by a study by Ahroni et al. 30 
Discussion
In general, all studies published so far show that weight loss in obese asthmatics improves asthma control; and, furthermore, possibly, especially since surgically induced weight loss results in significant improvements in asthma severity, use of asthma medication, dyspnoea, exercise tolerance, and acute exacerbations of asthma, including hospitalizations due to asthma. 7, 8, 10 Studies have also shown that weight loss in obese asthmatics is associated with improvements in level of lung function and airway responsiveness to inhaled methacholine, whereas no significant improvements have been observed in exhaled nitric oxide or other markers of eosinophilic airway inflammation. 12, 22, 24 Taken together, these observations therefore indicate that objective markers of asthmatic airway inflammation are not improved to an extent comparable to the improvements observed in symptoms and lung function. It is therefore probable that weight loss induced improvements in asthma control -defined as symptoms, level of lung function, and use of medication -occur due to a reduction in mass loading on the respiratory symptoms rather than improvements in asthma per se. This is further supported by the reported high rate of asthma remission observed after weight loss, which is in contrast to the findings in, on average, normalweight adults with asthma. 31 However, although the available evidence clearly suggests a direct causality between being overweight and having asthma, meaning that an overweight or obese person is more likely to develop asthma symptoms compared to a normal-weight person who is otherwise identical, 32 asthma in the overweight or obese patients may in fact be asthma-like symptoms caused by changes in lung mechanics instead of being caused by asthmatic airway inflammation. 33 Another possible explanation may be that obese patients with asthma represent a distinct asthma phenotype, an explanation supported by recent observations reported by Scott et al. 34 These showed that, compared to non-obese asthmatics, obese asthmatics had an increase in neutrophilic airway inflammation, whereas no significant difference in the sputum eosinophil percentage was found between obese and non-obese patients. The latter finding may also explain the suboptimal response to conventional asthma therapy often observed in obese patients with asthma. 5 Furthermore, Deesomchok et al 35 have recently reported similar airway responsiveness, assessed by high-dose methacholine challenge tests, in obese and normal-weight asthmatics, in spite of differences in baseline lung volumes. In line with this, Lessard et al 36 reported poorer asthma control, assessed by the Asthma Control Questionnaire, 37 and more activity limitations, dyspnea, and wheezing in obese compared to submit your manuscript | www.dovepress.com Dovepress Dovepress non-obese patients, although no significant differences were observed in night-time awakenings due to asthma, early morning symptoms, or use of reliever medication. These studies, therefore, further support the notion of a very complex association between obesity and asthma.
In conclusion, overweight and obese individuals with asthma experience a high symptomatic remission rate and significant improvements in asthma control, as assessed by symptoms, use of medication, lung function, and hospitalizations, after weight loss. Although these positive effects of weight loss on asthma-related health outcomes seem not to be accompanied by remission or improvements in airway inflammation, they have important implications not only at the individual level, but also with regard to the overall burden of asthma. Very interestingly, all papers identified for this study reported some positive effect of weight loss on asthma control. Future studies, it is hoped, will increase our knowledge of the complex interaction between obesity and asthma, and perhaps define a distinct obese-asthma phenotype, providing us with the measures to improve the overall health status of overweight or obese patients presenting with asthma symptoms, not least with the use of targeted treatment strategies.
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